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In urban highway steel bridges, fatigue damage has occurred with rapid increase in 
traffic and the passage of overloaded vehicles. This has raised the need for the 
appropriate and effective maintenance method (repair and strengthening) after or 
before fatigue damage in order to rehabilitate and maintain the steel bridges in service 
under healthy condition. 
Most of researches mainly focus on improvement of bead shape by grinder treatment 
or applying compressive residual stress by peening treatment, and there is a lack of 
study on enhancement of fatigue durability in welded joints using carbon fiber 
reinforced plastic (CFRP). On the other hand, repair method of fatigue cracks by 
externally bonded CFRP has been investigated and proven to be very effective for the 
practical use as shown in several reports. However, the repair work is getting 
inconvenient when high rigidity of CFRP patch plates is required. 
Vacuum assisted Resin Transfer Molding (VaRTM) technique, a low-cost fabrication 
process used in structural members of aircraft and wind turbine blades, is able to 
fabricate large FRP structures easily and efficiently or to install multiple layers of 
carbon fiber (CF) sheets at a time. The VaRTM technique has been applied to repair and 
strengthen steel structures with CF sheets, mainly on steel girder end. It has been 
proven to be very efficient and convenient even on complex shapes of structures due to 
the flexibility. 
In this thesis, toward the establishment of new construction method to repair and 
strengthen existing steel structures by molding and bonding CF sheets on site using 
VaRTM technique, the enhancement of fatigue durability and the repair of fatigue 
cracks initiated at welded joints have been studied experimentally and analytically.  
This thesis consists of 6 chapters. The content of each chapters is given as follows: 
The first chapter explains the research background, objective and organization of the 
study. 
The second chapter describes the literature reviews of the application and their 
problems of existing methods such as stop-hole method or high-strength bolted joint 
method and the typical adhesion method. Previous studies on application of VaRTM 
technique to strengthen concrete structures and to repair and strengthen steel 
structures are concretely reviewed. 
The third chapter focuses on the evaluation of static and fatigue strength in adhesive 
and the failure criteria. These are essential to prevent debonding in adhesive joints. The 
static strength by tensile test of adhesive joints for two types of adhesive, under various 
test methods is investigated. The theoretical calculations of principal stress of adhesive 
at critical point are introduced and the failure criteria based on principal stress for 
adhesive joints are experimentally verified and further developed. The fatigue strength 
by fatigue test for adhesive joints using the same adhesive is studied. The general 
evaluation method of fatigue life for adhesive joints in the function of principal stress 
ratio, the ratio of principal stress range in fatigue failure against principal stress in 
static debonding, is proposed together with the value of fatigue limit for adhesive joints. 
The fourth chapter presents the reduction of stress concentration at weld toe under 
static load and the enhancement of fatigue durability under cyclic load in welded joints 
by CF sheets using VaRTM technique. The target specimens in this study are typical 
out-of-plane welded gusset joints and non-load-carrying cruciform welded joints. The 
reduction of stress concentration at weld toe is analytically investigated, where the FE 
models are created using a number of image data taken from actual experimental 
specimens by digital camera and analyzed. The fatigue tests of two types of specimens, 
non-strengthened and strengthened specimens using VaRTM technique are conducted 
and the effect of strengthening is evaluated under nominal stress ranges 
experimentally. 
The fifth chapter deals with the permanent repair of fatigue cracks for typical 
out-of-plane welded gusset joints by externally bonded CF sheets using VaRTM 
technique. The number of layers of CF sheets is determined analytically based on the 
threshold value of stress intensity factor range relating to the safest design curve 
recommended by the design guideline. As the analytical results, the arrangement and 
the number of layers of CF sheets required for permanent repair of penetrated fatigue 
cracks are proposed. The experimental results show that the permanent repair to 
prevent crack growth is feasible and fatigue life can be extended to fatigue limit under 
nominal stress range of 60~120 MPa. 
The last chapter summarizes the conclusions and discusses the application and future 
issues. 
